Neutralization of Chlamydia trachomatis was assayed by the decrease in inclusion-forming units in baby hamster kidney cells grown in culture. Five percent fresh guinea pig sera increased neutralization titers of rabbit antisera 100-to 1,000-fold but had no effect when normal rabbit sera were tested. Neutralization of a type A or B trachoma isolate was strain specific. Neutralization by human eye secretions and sera also was demonstrated when guinea pig sera were included in the test. All of the six human sera tested showed strain specificity against types A or B, in agreement with typing by the fluorescent antibody technique.
A neutralization test for Chlamydia trachomatis has been sought in a number of laboratories as a means of detecting the serological response of vaccinated laboratory animals (2, 3, 24, 30) and of humans with suspected or confirmed infections (1) with this intracellular parasite. Neutralization of trachoma strains by human eye secretions has been reported (21) , using infectivity for the owl monkey eye as a test system. Graham and Layton (11) found that the neutralization test in cell culture was strain specific and therefore could be a means of serotyping C. trachomatis isolates, as has been demonstrated with C. psittaci strains of ovine origin (27) . Neutralization tests could also be a useful technique in isolation and identification of type-or strain-specific antigens.
Neutralization tests with C. trachomatis strains have been of limited value because of low titers or undetectable activity in sera of vaccinated animals or trachoma patients (1, 2, 24) . Antisera directed against the immunoglobulin component of immune sera enhanced neutralization of C. trachomatis; however, antisera against immunoglobulin also significantly enhanced inactivation when normal sera were tested in place of immune sera (3, 30) . In this paper, a sensitive, complement-mediated neutralization test for C. trachomatis in cell culture is reported. Human sera and eye secretions, containing antitrachoma antibody, and sera from immunized rabbits were active in this neutralization test. For cover slip cultures, BHK-21 cells were irradiated with 5,000 R from a cobalt-60 source and washed once, and 2 x 10' cells were placed on an 8-mm diameter glass cover slip in a flat-bottom tube with a rubber stopper. Cells covered greater than 80% of the cover slip area and were used 24 to 48 h after irradiation.
Preparation of rabbit antisera. Strains HAR-13 and HAR-36, propagated in the yolk sac of embryonated eggs, were purified by centrifugation on Renografin density gradients (13) and stored at -80 C in phosphate buffer containing glutamate and sucrose (5) . Yolk sac. from uninfected eggs was subjected to the purification procedure for control immunogen. Antigen preparations were irradiated with 10' R from a cobalt-60 source and had lost infectivity for the owl monkey eye.
Sera were obtained from rabbits before immunization. At each immunization time the total dose per rabbit was 1010 purified chlamydial particles, estimated by the procedure of Reeve and Taverne (25 Human sera and eye secretions were titrated and typed by the FA technique using samples adsorbed with C. trachomatis types A, B, and C as previously described (17) .
Human eye secretions. Human eye secretions were collected on Weck-Cel sponges (21) and stored undiluted at -20 C. Eye secretions were pooled from the following groups of humans: (i) children in Saudi Arabia whose eye secretion antibody had type A specificity; (ii) Arabian children with no detectable eye secretion antibody by FA at 1:2 dilution; and (iii) Americans similarly negative.
Guinea pig sera. Guinea pig sera (GPS), a gift from E. S. Murray, were obtained from herds of animals free of guinea pig inclusion conjunctivitis. Serum was pooled from several animals and stored at -80 C in small samples which were frozen and thawed only once. Complement was inactivated by heating GPS at 56 C for 30 min.
Neutralization test.When used in the neutralization test, strains HAR-13 and HAR-36 had been passaged three and ten times, respectively, in cell culture and were stored at -80 C in phosphate-buffered saline (29) containing 0.25 M sucrose and 0.1% bovine serum albumin in 0.5-to 1.0-ml samples, which were used only once. Rabbit, human, and guinea pig sera and human eye secretions were diluted 1:4 or 1:5 with tissue culture medium and filtered through sterile 0.45-Am pore size membrane filters (Millipore Corp.). The incubation mixture, in 0.8 ml of tissue culture medium, contained dilutions of antisera or eye secretions, 5% GPS, and between 2 x 103 and 10' inclusion-forming units of chlamydia. The mixture was incubated at 37 C for 30 min and subsequently 0.2 ml was placed on each of three cover slip cultures, from which the medium had been removed. Inoculated cultures were centrifuged at 30 C at 780 x g for 30 min and incubated at 35 C. Two to 3 h after centrifugation, the medium was replaced with 0.5 ml of fresh medium and, after a total of 40 to 44 h of incubation, monolayers were fixed with methanol and inclusions were stained with iodine (10). Inclusions were counted in 40 fields at x 320 and the geometric means of the inclusion counts of the triplicate monolayers were calculated.
Rabbit sera were tested in twofold serial dilutions and the neutralizing titer was expressed as the highest dilution which gave a 50% or greater decrease in inclusion-forming units. Sera obtained before immunization gave little or no neutralization at 1:10 dilution; therefore, neutralization by immune sera was compared to tubes with no sera. At least one preimmunization serum was included in all tests as a control. Neutralization by FA-positive human sera from trachomatous patients was compared to the inactivation given by four control human sera negative by FA. Neutralization by the FA-positive eye secretion pool was compared to the two FA-negative pools.
RESULTS
Incubation of the infectious chlamydia alone for 1 h at 37 C in culture medium resulted in 50 to 70% inactivation compared to samples stored at 4 C. During the 30-min incubation routinely used in the neutralization test, little or no heat inactivation of chlamydia was observed. Addition of 10% normal GPS to the test mixture resulted in significant nonspecific inactivation, whereas at a concentration of 5% no inactivation occurred. No damage to host cells was observed after the incubation mixture containing 5% GPS was centrifuged onto monolayers.
Neutralization by immune rabbit sera. Serum from a rabbit immunized with HAR-36 had an homologous neutralization titer of 1:16 or less when tested without additional serum or with heated 5% GPS in the incubation mixture ( Table 1) . Addition of 12.5% fresh normal rabbit sera or 5% fresh GPS to the test increased the titer to 1:64 and 1:8,000, respectively. Except where noted, 5% GPS was included in further neutralization tests.
In a typical test, homologous neutralization of HAR-13 and HAR-36 by immune sera in the presence of 5% GPS gave a sharp and reproducible end point when percentage of neutralization was plotted against serum dilution (Fig. 1) . Routinely, the degree of neutralization decreased from greater than 90% to less than 20% in two or three tubes of a series of twofold dilutions. When six rabbit antisera were titrated on two separate occasions, four sera had unchanged titers upon retesting whereas two sera showed only a twofold change in titer. The standard deviation of replicate inclusion counts he results of the homologous and heteroloNeutralization by human sera and eye neutralization tests with rabbit antisera secretions. All six sera from trachomatous presented in Table 2 . Sera from the first patients neutralized either HAR-13 or HAR-36 ding of rabbits immunized with strain and five of these sera had an eightfold or greater 1-13 gave high titers when tested against difference in titer when neutralization of the 1-13 but low titers against HAR-36. When two strains was compared (Table 3) . A twofold The neutralization test reported here, which required fresh sera, is presumably complement mediated. Guinea pig inclusion conjunctivitis agent, a Chiamydia psittaci strain, was neutralized by sera from guinea pigs immunized with live or formalin-killed guinea pig inclusion conjunctivitis agent in the presence of fresh normal guinea pig sera but was not neutralized when the sera were heated to destroy complement activity (19) . Complement-mediated neutralization has been reported for many gram-negative bacteria (20) ; however, gram-positive organisms are refractory to complement-dependent neutralization (20) . The chlamydia are similar to gram-negative bacteria in the morphological characteristics of their cell walls (9) and in their susceptibility to complement-mediated neutralization.
Because of the strain specificity shown by the present neutralization test, the complementfixing chlamydial group antigen is apparently not the major antigenic determinant in the neutralization of C. trachomatis strains. In intact viable chlamydia the group antigen may be inaccessible to antibody and the neutralization test may be useful in the isolation and identification of the outermost cell wall antigens. The results of Graham and Layton (11) suggested that their neutralization test, which was performed without complement, measured antibodies differing from those reacting with the complement-fixing chlamydial group antigen. Both the group antigen and type-specific antigens can be detected by the complement fixation test (6) . Therefore, the antigens involved in the present neutralization test may be those measured in the complement fixation test using type-specific antigens. Alternatively, neutralization may involve antigens not detected by previously reported tests for antichlamydial antibodies.
Antibodies of the immunoglobulin (Ig)G and IgM classes were active in the complementmediated neutralization of gram-negative bacteria, whereas IgA was reported to have slight or no bacteriocidal activity in this test (7, 26 (15, 23) .
Antitrachoma antibodies in human eye secretions were predominantly in the IgG class (12) , whereas the presence of IgA, IgE, and IgM also have been reported (15, 22 
